Introduction
The enormous impact of technology in medicine has a remarkable example in the introduction of robotic systems in minimally invasive surgery approximately a decade ago. With relatively small modifications to the commercial systems originally introduced, the field of robotic surgery is now established and growing. Several thousand procedures have been practiced successfully in areas like general surgery, thoracic and cardiovascular surgery, urology, gynaecology, and others. Research in robotic surgery is growing exponentially, and its future is promising. The systems employed by the specialties mentioned above are known as telemanipulator systems due to their technical configuration and interaction with the surgeon. Although there are other robotic systems employed in, for example, orthopaedic and urologic surgery, this chapter will focus on the use of telemanipulator systems for laparoscopic or minimally invasive surgery, and that is what will be meant when using the expression robotic surgery Possible limitations to massive use of surgical telemanipulator systems could be the cost, technical capabilities of hospitals around the world and surgical expertise and training. The aim of this chapter is to explore this last issue, which, in the end, will determine if these systems are widely accepted by the surgical community and its use is extended beyond hospitals and academic centres in the developed world. It will set up to find if surgeons require new abilities to practice surgical procedures using telemanipulator systems; if there is an advantage for already trained laparoscopic surgeons or if surgical trainees can easily learn the use of this equipment. It will also discuss if this technology has an impact on the learning curve of advanced laparoscopic procedures, and how scientists and surgeons are working to improve its performance.
MIS Skills acquisition and learning curve development
The term "learning curve" is now an obliged element in medical publications, especially in the surgical field. It is used in reference to the process of gaining knowledge and improving skills in performing a specific procedure (Ramsay et al, 2000) . It could be concluded that at some point a surgeon should reach a plateau. If the surgeon practices the same procedure frequently, he should keep a flat line, with occasional peaks and valleys which are normal to human performance. Several authors have published learning curves of different surgical procedures based on their results through time. Outcomes like surgical time, mortality, morbidity, in-hospital stay, etc. have been used to establish the improvement of a group or an independent surgeon in performing a specific operation or technique (Watson et al, 1996) . Advanced MIS has not been embraced by all surgeons as would be expected considering its advantages. This could be attributed to the important effort that needs to be invested in order to overcome long learning curves for most procedures (Yu et al, 2006) . In a systematic review, Ramsay et al comment that using outcomes like patients survival or complications, and quality assurance aspects like time to complete the surgical procedure and hospital stay as "proxies of learning" is inappropriate, since they are too general and do not provide accurate or objective definition of learning (Ramsay et al, 2000; Watson et al, 1996; Darzi et al, 1999) . The learning curve assessment should be based on factors more closely related to the surgeon's skills rather than in variables that are either too general, too difficult to control or not a direct reflection of learning. These measurements should be both quantitative and qualitative to capture a wide array of human learning manifestations, and ideally should have numerical representation to actually depict them as a curve. Examples of more appropriate parameters to objectively measure learning and improvement in surgical skills are number of movements, path length, time, number of errors. Such variables are reproducible and easily compared in different studies or when comparing LS and RS. The reason these parameters have been considered useful to measure surgeons' learning curves is because an experienced surgeon practicing either a specific task or a whole surgical procedure performs a smaller number of movements and he is more precise, therefore having a shorter path length for the instruments and spending less time than a novice. As the surgeon or student in training practices, these variables resemble more and more those of the expert, and a learning curve can be defined. At the authors institution (St Mary's Hospital), the parameters number of movements, path length and time spent, have been calculated in open and laparoscopic surgery on bench models. This is known as motion tracking analysis, and for the purpose of these measurements, the ICSAD (Imperial College Surgical Assessment Device) was developed. ICSAD uses an electromagnetic field to track the hand coordinates and to analyse objective measures for the assessment of surgical skills (Datta et al, 2001 ). The same concept has been applied to the assessment of robotic surgical skills using the Da Vinci telemanipulator system and ROVIMAS (Robotic Video & Motion Analysis Software) (Dosis et al, 2003) , bespoke software offering advanced motion and video analysis capabilities for open, laparoscopic and robotic surgical skills assessment. ROVIMAS can calculate and display the hand kinematics, the time, the total path length of hands, the number of movements made, the hand directions, velocities etc. It also synchronises these hand kinematics with simultaneously recorded procedural video.
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RS Skills acquisition and learning curve development
Contrary to the general perception of robots, surgical robots are not independent in their actions; they cannot move on their own and only respond to human direct commands. Current existing robotic systems used in general surgery (MIS) are known as master-slave telemanipulator systems. Commercially available FDA-approved systems are the Zeus System (Computer Motion, Inc., Goleta, CA) and the da Vinci™ Surgical System (Intuitive Surgical, Sunnyvale, California). Since Computer Motion was taken over by Intuitive Surgical, the only widespread commercial master-slave telemanipulator currently being sold and updated is the da Vinci system, and therefore will be the focus of this paper. The da Vinci system is composed of a console where the surgeon sits (master), rests his arms and grabs the instruments controls; a computer interface where surgeon movements are transmitted to the instruments; a patient-side cart holding up to 4 robotic arms (slave) and a video cart consisting of the standard laparoscopic monitor, Xenon lights, insufflation equipment and video processing system. The robotic arms hold the camera and up to three instruments, two for surgeon's left and right hands, and the other to assist the surgeon. The workstation allows the surgeon to setup the system at the beginning of the surgery, to change the camera position and focus, and adjust the distance and position of the controls. It also has diathermy function pedals. To activate the controls, the surgeons forehead must remain at the headrest allowing him to comfortable see through the vision device, a binocular viewer that projects the images from a dual-lens scope with independent light sources and cameras for each eye. The images obtained are therefore in real time and threedimensional. The computerized interface is able to filter and scale surgeon movements, avoiding natural tremor and allowing the intuitive, natural hand movements to be reproduced in the small surgical field at an appropriate scale. During the rapid introduction of MIS, higher incidence of common bile duct injuries in laparoscopic as compared to open cholecystectomy were recorded (Deziel et al, 1993 , Shea et al, 1996 Z'graggen et al, 1998) . These lesions are found more frequently in the initial cases of a number of surgeons. It is possible that these surgeons did not appreciate the unique skills required to practice laparoscopic surgery competently, leading to this situation. As mentioned before, some technically demanding tasks cannot be done safely or accurately enough using conventional laparoscopic instruments (Damiano et al, 2000; Loulmet et al, 1999) , for example coronary artery bypass grafting in the confined spaces of the thorax. It is with this background that telemanipulators appear in laparoscopic surgery. The feasibility of carrying out different surgical procedures with robotic systems has been demonstrated in different fields (Cadière et al, 1999; Chitwood et al, 2001; Falcone et al, 2000) , with special emphasis in cardiac surgery (Falk et al, 1999) using both the Zeus and the da Vinci, with more than 2000 procedures performed just two years after their introduction (Ruurda et al, 2002) , and a calculated 20,000 by the end of 2004 (Mehrabi et al, 2006) . Both Zeus (no longer in production) and da Vinci have similar characteristics in their final forms: a set of robotic arms holding the camera and instruments, 3D visualization of the surgical field and instruments with "wrists" in their tips that allow complex movements in confined spaces, giving surgeons seven degrees of freedom instead of the four available in MIS (Bann et al, 2003; Falk et al, 1999 ). Several authors have tested the advantages of the da Vinci™ Surgical System in clinical practice in a large number of surgical procedures (Cichon et al, 2000; Loulmet et al, 1999; Munz et al, 2003a; Heemskerk et al, 2007) , and it has been reported that it allows surgeons to perform more complex tasks restoring surgical dexterity, hand-eye alignment and depth perception (Falk et al, 2001; Byrn et al 2007) . When the surgeon sits at the workstation, it recreates the eye-hand motor axis that is lost in MIS (Ban et al, 2003) , giving the surgeon the impression that when he moves his hands, the instruments move right in front of his eyes with similar degrees of freedom, mimicking his movements on the handles. Due to the position of the head in the viewing device, he feels immersed in the surgical field. It is in delicate and complex procedures, like cardiac surgery, where the virtues of the system are more evident. Tremor is eliminated through bandwidth filtering and there is improved visualization with the availability of three-dimensional viewing directly controlled by the surgeon. All these, combined with improved ergonomics for the operating surgeon in the seated position at the console, make clear advantages over the laparoscopic surgery setting (Bann et al, 2003) . However, it remains to be proven if these advantages have an impact on patients outcomes. There are important setbacks in telemanipulators that also need evaluation and the establishment of strategies to deal with these obstacles. Very importantly, the surgeon has no direct tissue tactile feedback whatsoever, and therefore he has to trust only what he sees and in visual cues that experience give when dealing with tissues and suture materials. Having no sense of tension, pressure or grasp on tissues and sutures increases the probability of a wide array of lesions or errors during tasks and surgical procedures for which a learning process is needed. It is therefore an important consideration when comparing LS and RS to keep in mind that there is a learning curve to a safe and accurate use of the robotic telemanipulator. An additional point to bear in mind is that, no matter how intuitive and user-friendly a telemanipulator system might be, it is still a tool, and therefore the operator needs to know the task or procedure beforehand if the system's usefulness is to be evaluated. In order to avoid the problems that occurred with the introduction of laparoscopic surgery, (Scott et al, 2001; Shea et al, 1996; Watson et al, 1996) appropriate training and assessment need to be established for this new technology to ensure good outcomes. It is important therefore, that both the impact on the learning curve and any possible advantages over the standard laparoscopic technique be recognized, tested and objectively measured. Only using this approach its widespread use by the surgical community would be justified and supported.
Learning robotic surgery skills
Learning the basic use of the da Vinci system is very intuitive. Once a surgeon sits on the console, holds the controls and looks through the vision device, is perfectly able to move the instruments and practice simple tasks from the onset. They could reproduce the movements they typically do in open surgery. On the other hand, the main disadvantage is the total lack of tactile feedback. It forces the surgeon to trust only in his vision (3-D). It should be pointed out that in papers where subjects with no surgical experience are tested doing surgical tasks, they may not only be learning to use the robot, but learning the surgical task itself. Therefore, comparisons need to control for these variables in order to be valid. Such studies show advantages and disadvantages of the use of robots in surgery, better defining the systems current and future role. We now review some of the published studies. These were chosen from different specialties for their relevance in skill acquisition, attention to learning curves, number of cases and design. Obek (Obek et al, 2005) , published a study where twenty students with no knowledge of laparoscopic surgery where divided in two groups to determine if there was transfer of skills between robotic and laparoscopic surgery. After observing knot tying on the da Vinci with and without previous training in LS, they concluded that there is reciprocal transfer of skills between LS ad RS, although it is incomplete. They considered that training with LS previously www.intechopen.com i s b e t t e r t h a n t r a i n i n g w i t h R S a l o n e . I n t e r e s t i n g f i n d i n g s w e r e t h a t n o v i c e s l e a r n i n g intracorporeal suturing with the robot were faster and more precise than those learning with conventional laparoscopic instruments. As their attention was focused on skills transfer, they found that those who learned with LS did better in their last tasks on the da Vinci. Heemskerk, in a study with medical students (Heemskerk et al, 2007) , compared the skill acquisition in robotic and traditional laparoscopy. Subjects were randomized to start with RS or LS on three rather simple tasks and on knot tying as the fourth task. Researchers found that a steeper learning curve was achieved with LS, but RS allowed a faster and more accurate performance. Comparing with other studies, they suggested that the tendency to a flat learning curve in RS would be explained by a better performance from the start with RS, leaving little room for improvement. They also comment that RS may be more beneficial to surgeons with little or no experience in LS, and that benefit of robotic assistance would be more evident in complex surgical procedures. Mehrabi et al designed a set of four training tasks for subjects with different surgical experience (Mehrabi et al, 2006) . They were asked to practice four procedures in a pig, and then practice each of them in rats. After the training, they had to repeat all four procedures in a pig. They were able to demonstrate a learning curve and a significant improvement in quantitative and qualitative scores similar to all participants. They mention that learning process was independent of the subject's confidence on the surgical technique, and considered the learning process closer to open rather than to laparoscopic surgery. They recommend that every surgeon should go through an animal model training course before clinically using the da Vinci system. Ruurda published the initial experience of the Utrecht group with 208 different procedures (Ruurda et al, 2005) . They practiced a variety of procedures with a small number of complications and results at least as good as with laparoscopic surgery. Setup time and positioning of the robot were improved as they practiced different surgical interventions, of different degrees of complexity. They conclude that the application of the current generation of telemanipulators should be reserved to procedures with complex dissection and suturing, and that future systems will need to reduce their size, complexity and cost. An exceptional example of a complex MIS procedure is the Roux-en-Y gastric bypass for morbid obesity. Multiple bowel anastomoses and a major rearrangement of the gastrointestinal tract make it a great challenge. Mechanical sutures help reduce the burden of intracorporeal suturing, but even so, the learning curve is long and steep. Describing a teaching environment for RS, Ali (Ali et al, 2007) trained an MIS fellow in RS, making the experience progressive in complexity. He found that the fellow's performance exceeded the senior members of the team during their own learning curve. In this study, the team opted for a hand-sewn anastomosis, which greatly raises the difficulty. During his clinical practice, the fellow had no complications originated on technical errors. This group considered possible to reduce the learning curve of a complex surgical procedure using the telemanipulator system within an organized training program. Yu et al reported the learning curve for 100 cases (Yu et al, 2006) . They found that every twenty patients operating time was reduced, and on the last twenty patients was less than average. Another significant finding was that they had no leaks and no deaths and a smaller rate of strictures than other series. The 0% leak rate is important since other series have reported 7%. They suggested the use of the da Vinci to train surgeons and help them overcome the learning curve. This evidence shows that learning to use the robot requires a short exposure to the system as compared to laparoscopic surgery, and may have its main impact on complex procedures and in the performance of surgeons with no experience in LS.
Learning curve and differences in RS performance according to LS surgical expertise
An issue that has become of great importance in RS is that of the performance of subjects with different degrees of knowledge and experience in LS. A number of authors have explored this issue with different approaches. Zorn followed the learning curve of an experienced laparoscopic surgeon starting his practice of robotic radical prostatectomy (Zorn et al, 2007) . He found that the results and learning curve were similar to a group of urologists who switched to RS, and whose previous experience was only in open surgery and not in LS. In other words, Zorn's study suggest that laparoscopic experience is not a requirement to practice RS proficiently, and that surgeons with expertise in an open surgical technique will perform as good as laparoscopic surgeons practicing RS, both during the learning curve and when reaching the plateau. Munz et al presented a bench model experiment of cardiac surgery, in which a left internal mammary artery was anastomosed to the left anterior descending artery of the heart (Munz et al 2003b) . The procedure was repeated five times by expert cardiac surgeons, and then compared to the open approach by the same subjects. Qualitative analysis of video recordings and quantitative motion tracking analysis with ROVIMAS (da Vinci) and ICSAD (open surgery) showed an important improvement in performance represented by time taken, number of movements, path length, circumference to area ratio and overall performance for robotic surgery. Although it is not mentioned in the paper, the cardiac surgeons taking part in this study were not experienced in minimal access cardiac surgery. In a related paper, another British team established a progressive programme to introduce robotic cardiac surgery (Trimlett et al, 2003) . They started with pig hearts, then live animals and finally went into clinical practice. In the process, they found that the learning curve is short and can be reproduced when comparing different subjects and that moving to clinical practice is rapidly achievable. On another St. Mary's group experiment (Hernandez et al, 2004) , 13 surgeons naïve to the telemanipulator system were divided in two groups and their learning curves on a bench model experiment were followed. One group was formed by experienced laparoscopic surgeons and the other by surgeons and surgical registrars without laparoscopic experience. The model was composed of two segments of synthetic small bowel assembled in a jig and fixed in a standardized position in a closed box. Surgeons had to complete an anastomosis with interrupted stitches in a single layer. The bowel anastomosis model was chosen because it simulates a complex procedure that requires forward planning and the use of a significant range of skills, and entails a longer learning process. It should resemble the practice of a complex surgical procedure, which is the real purpose of the robot. Results showed clearly an improvement for every subject in all variables measured (time and motion tracking analysis and quality of performance), which clearly depicted a learning curve in just five repetitions of the task (Fig. 1) . A surprising finding was that between the two groups there was not a significant difference at the final task in any of the measurements. In other words, by the end of the experiment an after only five procedures completed using the da Vinci system, novice surgeons performed as well as the experienced laparoscopic surgeons. It is worth underlining that some of the trainees had to be taught how to do intracorporeal knot-tying from scratch.
www.intechopen.com Figure 1 . Graphics representing the learning curves for five subjects from both groups for time (a) and for quality of performance (b). Same color lines in a) and b) represent one surgeon Closer examination of the curves shown in Fig. 1 reveals that there are differences in learning from one surgeon to another. For example, surgeon represented as series 2 (pink line/squares) showed a rapid and clear progress in the learning curve with the most important reduction in time of the study and a marked improvement in the score achieved. Series 1 (blue line/diamond) had an important improvement in time taken to complete the five tasks, but in terms of quality had a very uneven performance, with the third task scored as good as the fifth, but with a poor score for the fourth. Series 5 (Purple line, stars) had a steep reduction in time but an almost flat line for score. In spite of the differences, every single surgeon had a better time and score when comparing first and last task, and it was possible to draw a learning curve for each of them. This is an important achievement for a complex task in just five repetitions. It is the authors' opinion that this performance was possible due to the special characteristics of the da Vinci system. In a clinical study of robot-assisted laparoscopic aorto-iliac bypasses (Diks et al, 2007) , the authors showed a clear improvement after the eighth of seventeen patients. The learning curve was shorter when compared with other studies, since the aortic clamp time and aortic anastomosis time were significantly reduced. It remained a long and very complex procedure even with robotic assistance. Based on these studies, it is then possible to say that the learning curve for complex tasks on the da Vinci system is shorter than expected as compared to LS, and that there may not be a difference between experienced and non-experienced surgeons. This seems to be truth only after the non-experienced surgeons have learned the procedure itself, a fact that constitutes a variable in the first tasks. These studies also seem to show that results are more favorable to robotic use when the task or surgical procedure complexity is higher.
Comparison in clinical practice of LS and RS
Several studies have compared laparoscopic and robotic surgery in specific procedures, especially in urologic surgery. In an interesting study, Link et al compared robotic and laparoscopic pyeloplasty (Link et al, 2006) . Laparoscopic pyeloplasty is a complex procedure because extensive, precise suturing is necessary, and therefore advanced skills are a requirement. The authors compared 10 procedures practiced with the da Vinci system by an urologist expert in laparoscopic surgery and ten laparoscopic pyeloplasties by the same surgeon. They found that time, complications and quality of the procedure were comparable, rendering the robotic assistance unnecessary for experienced laparoscopic surgeons. Additionally, cost was clearly higher in RS. In their conclusion they consider the system would be useful to surgeons without training in laparoscopic intracorporeal suturing. Following the same line, El Nakadi et al compared robotic and laparoscopic Nissen's fundoplication in a randomized controlled trial (El Nakadi et al, 2006) . They followed 20 patients randomized in two groups, evaluating complications during a one-year period. Operative time was longer with the robot, and there was no difference in complications and postoperative symptoms. Costs were several times higher with RS. The authors consider there is no advantage in using the robot for Nissen's, and numbered as disadvantages of the system the lack of appropriate instruments, high costs and longer setup times. In another Nissen's study, Draaisma (Draaisma et al, 2006) found no differences in operating time, quality of life, oesophageal manometry and pH monitoring and symptoms. They found that surgeons comfort and visualization had an important improvement, but they conclude that the use of the da Vinci for the Nissen fundoplication is not justified. The use of telemanipulators by expert surgeons in less demanding procedures does not seem to bring any particular advantage. The explanation could be that expert surgeons use visual cues and references that allow them to practice even complex procedures accurately, safely and in short times. Therefore, they seem to have successfully overcome the limitations of LS addressed by RS and, consequently, robot assistance does not appear to be useful for them.
Technological developments that enhance RS performance and safety
When using a telemanipulator system, the surgeon has to relay only in what he is seeing, since he is not having any physical contact with the patient when sitting at the console, and therefore he cannot count on the partial feedback that exists in MIS. It has been proved that 3-D vision enhances surgical performance and reduces errors . Additionally, motion scaling, tremor abolition and instruments with "wrists" improve performance by 50%, and when 3-D vision is added, time spent is reduced by 20% and dexterity is enhanced by 15% . However, there are additional technical features that could improve the performance of robotic surgery even more, making the experience more realistic and immersive. There is ongoing investigation to improve the surgeon's performance in robotic surgery and to bring additional technical capabilities in order to perform surgical procedures more safely and accurately.
Motion tracking
Following the successful application of motion analysis using the ICSAD, the same concept has been applied to the assessment of robotic surgical skills using the Da Vinci telemanipulator system. The ROVIMAS software (Dosis et al, 2003) can calculate and display all the variables of motion tracking analysis and is able to provide facilities such as a video player synchronized with the hand kinematics. The latter enables the comprehensive assessment of surgical skills, since every task can be watched through the video with simultaneous real-time displays of dexterity measures . The analysis of real-time kinematic data coming from the master arms holding the instruments and streamed from the computer interface of the da Vinci system displays distance and velocity graphics calculated from the robotic positional data. It can also analyse and produce graphics on trajectory, give statistical results and allows zoomingin to observe specific movement patterns. The use of ROVIMAS on the da Vinci and the ICSAD on laparoscopic and open surgery make an accurate comparison between the three surgical approaches possible, reducing methodological bias. Some of the studies carried out at the Imperial College London and included in this chapter have used this technology. Figure 2 represents the layout of a computer screen showing the ROVIMAS data. This data may be specific for left and right hand, can show time taken, path travelled by instrument tips and number of movements. In the example, the observer could zoom-in at a graphic's segment and review specific movements, and compare those movements with the synchronized image to check for errors or very small movements. In that sense, the assessors will instantly know when, why and in which part of the procedure the surgeon manipulated with higher hand velocity (for example, when dealing with a bleeding situation). The purpose of this project has been to research and enhance the motion analysis system with stochastic models to discriminate levels of expertise in real and complex procedures. Hidden Markov Models are widely used for this purpose in speech, hand and other pattern recognition research areas and it is currently used in this project to recognize different steps in a procedure, different levels of expertise and to model surgical movements. Dosis published a clinical experience of the use of ROVIMAS (Dosis et al, 2005) . They recorded ten laparoscopic cholecystectomies practiced by five surgeons with different levels of training, in gallbladders with different degrees of difficulty. ROVIMAS allowed authors to discriminate expert from novice surgeons and also to demonstrate that the system can be used in an operating theatre without interfering with the procedure. Apart from obtaining individual learning curves, these data could be used in the assessment of surgical performance of trainees or for surgeon's certification; to create simulations based in experts' performances or to compare novices to experts and this way setting minimum standards in robotic training, both in simulated or clinical settings. These aspects will have great impact in skill assessment and RS training.
Augmented reality provision for robotic minimally invasive surgery.
Augmented reality combines synthetic objects with the real world, in real-time. The presence of augmented reality will enable the surgeon to perceive, in real-time, supplementary information intra-operatively without turning away from the operating scene. In one of the possible scenarios, 3D models will be reconstructed from a patient's pre-operative CT/MRI scans and integrated with the intra-operative endoscopic video stream (Wang et al, 2004) . Several issues need to be addressed when producing augmented reality facilities: calibration, registration and tracking. Calibration determines the properties of the camera being used to view the operating field. These properties are required when creating the simulated scene. The next stage of the process is to accurately align the www.intechopen.com virtual objects with their counterparts within the video sequences. This matching of real and virtual is known as registration. Once this blending has occurred, the dynamics of the surgical scene must be taken into account. Any deformation of structures, especially those due to tissue-tool interactions, need to be tracked. The virtual objects can then be updated accordingly and re-rendered onto the display . It is hoped that by providing augmented reality facilities to the da Vinci surgical system, the enhanced visualization will allow for robotic image guided surgery. It will also advance the education of trainee surgeons by allowing them to carry out simulated robotic procedures with the aid of these extra capabilities. A form of augmented reality would actually give surgeons back part of the sensory information lost partially in LS and completely in RS. Force and tactile feedback would require adapting sensors to the tips of the instruments. This would let the surgeon know if he is applying to much pressure or traction to a tissue or suture material. For example, to introduce the needle in a coronary artery during cardiac surgery requires feeling the tissue being pierced by the needle, then carefully passing the suture trough it and delicately tying a knot with the application of the right amount of pressure (Okamura AM, 2004 ). An elegant experiment by a team from Johns Hopkins (Akinbiyi et al, 2006 .) has combined a tracking system attached to the instruments of the da Vinci system with an augmented reality array based on haptic feedback. The variation is that instead of sending haptic feedback directly to the surgeon's hands, they used what is called sensory substitution. The force surgeon is applying to tissue is graphically represented and overlaid on the streaming video from the camera that the surgeon is viewing on the visor device of the console. They were able to demonstrate that using the force feedback with sensory substitution, forces were applied consistently, there were fewer errors and not one suture was broken due to excessive traction, and knots were tied accurately. In a series of experiments, Reiley was able to prove that the use of visual force feedback produced lower suture breakage rates, in expert and novice robotic surgeons and in subjects with no surgical training (Reiley CE, 2007) . She suggested that the use of these aides would reduce novice surgeons' learning curves. Finally, a method called active constraint or haptic visual fixtures creates limits for the movement of the instruments within or outside certain boundaries. Dedicated to minimally invasive surgery in the heart, two types of active constraint were developed by Borelli et al at Imperial College London: the inner and the outer regions. The aim of "active constraints" in the inner-regions is to constrain the cutting tool inside the boundary of a desired area, while in the outer-regions the entry of the cutting tool is prevented within the central delimited area. In both cases there is an intermediary third region, modelled by a spring and damper, which allows the cutting tool to transition from the allowed to the forbidden region, without causing instability [Borelli et al, 2003 ]. All these future supporting tools should improve surgeons' performance on the system, especially for those who are in training, but will also make procedures safer reducing the chance for human error.
Telerobotics, telementoring and telesurgery
Tele-surgical procedures have been practiced using satellite links between Europe and the US and Asia and the US (Chitwood et al, 2001; Smith et al, 2001) , and some of them via terrestrial fiberoptic networks (Marescaux et al, 2002) .
In a master-slave telemanipulator system setup, the surgeon does not need to be by the patient; furthermore, the system allows the surgeon not only to be remote from the slave, but also from the operating room (Cadiere et al, 1999) . This has important implications for training surgeons in new procedures (Bann et al, 2003) and for space program or military use, but will require high-speed linkups via telephone or satellite (Lee et al, 1998; Fabrizio et al, 2000; Marescaux et al, 2002) . Fabrizio (Fabrizio et al, 2000) have examined the effect of time delay that occurs with telemonitoring: programmed incremental time delays were made in audiovisual acquisition and robotic controls. They concluded a time delay of less than 700 ms was acceptable. Above this time the number of errors increased; although the general consensus suggests shorter times-300 ms (Marescaux et al, 2001; Marescaux et al, 2002) . To study the effect of time delay as it would present in telesurgery, Thompson designed a laboratory-based experiment using laparoscopic tasks (Thompson et al, 1999) . They were able to show that video time delays significantly affected performance, and that this effect was magnified when haptic devices were also affected by the time delay. Interest in telesurgery remains, but it is dampened by the lack of appropriate, widely available technology that will reduce the time delay of video and audio signals transmission. The potential for use in remote areas including the battlefield and space are enormous. It has to be kept in mind however, that for the currently available systems, there must be a laparoscopic trained surgeon by the side of the robotic arms cart, and therefore, at the patient side. The reason is that the port placement selection and introduction are done by him, not by the system alone. This is an obstacle to remote surgery that would have to be addressed with future systems or through specialized personnel training.
Conclusions
Robotic surgery using telemanipulator systems has been proved to be feasible and safe in several tens of thousands of procedures carried out around the world. It has demonstrated its utility in complex procedures in vascular, urological and bariatric surgery, amongst other specialties. As a matter of fact, a totally laparoscopic coronary artery bypass is not feasible without the robot. However, current evidence does not favour the widespread use of telemanipulators in general surgery, since the time and outcomes do not differ from laparoscopic surgery, and costs are excessively high. Another factor against is the current size and design of the system. Da Vinci's robotic arms are large and cumbersome, making setup times prolong surgeries. It can be suggested that comparative studies between LS and RS have been conducted with expert laparoscopic surgeons, which would have two effects. First, laparoscopic performance for these subjects is excellent, since they have overcame the difficulties LS places to novice surgeons, therefore, the experts do not feel a great difference between both environments. Second, as they are experts, the learning curve in RS will tend to be flat, making any difference non-significant. In spite of these difficulties, it is good to keep in mind that we are seeing just the first generation of commercial surgical telemanipulators, and is possible to think that they could follow a similar path in development as personal computers and cellular telephones, of course in a different proportion.
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Several authors support the theory that robotic surgery's greatest impact in performance will be found in trainees or in surgeons with no laparoscopic experience. These surgeons will go through learning curves that are shorter than the ones they would have learning the same procedure laparoscopically. As most surgeons in the world only perform cholecystectomy through a laparoscopic approach, the potential population is very numerous. The challenge of this technology is to attract them by improving the aforementioned problems. The future success of robotic surgery largely depends on new generation of telemanipulator systems that should be cheaper, smaller in size, easy to use and with a wide range of instruments and functions. The first generation of surgical robots are already being installed in a number of operating rooms around the world. Robotics is being introduced to medicine because it allows for unprecedented control and precision of surgical instruments in minimally invasive procedures. So far, robots have been used to position an endoscope, perform gallbladder surgery and correct gastroesophogeal reflux and heartburn. The ultimate goal of the robotic surgery field is to design a robot that can be used to perform closed-chest, beating-heart surgery. The use of robotics in surgery will expand over the next decades without any doubt. Minimally Invasive Surgery (MIS) is a revolutionary approach in surgery. In MIS, the operation is performed with instruments and viewing equipment inserted into the body through small incisions created by the surgeon, in contrast to open surgery with large incisions. This minimizes surgical trauma and damage to healthy tissue, resulting in shorter patient recovery time. The aim of this book is to provide an overview of the state-of-art, to present new ideas, original results and practical experiences in this expanding area. Nevertheless, many chapters in the book concern advanced research on this growing area. The book provides critical analysis of clinical trials, assessment of the benefits and risks of the application of these technologies. This book is certainly a small sample of the research activity on Medical Robotics going on around the globe as you read it, but it surely covers a good deal of what has been done in the field recently, and as such it works as a valuable source for researchers interested in the involved subjects, whether they are currently "medical roboticists" or not.
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